A soybean plastid-targeted NADH-malate dehydrogenase: cloning and expression analyses.
A typical soybean (Glycine max) plant assimilates nitrogen rapidly both in active root nodules and in developing seeds and pods. Oxaloacetate and 2-ketoglutarate are major acceptors of ammonia during rapid nitrogen assimilation. Oxaloacetate can be derived from the tricarboxylic acid (TCA) cycle, and it also can be synthesized from phosphoenolpyruvate and carbon dioxide by phosphoenolpyruvate carboxylase. An active malate dehydrogenase is required to facilitate carbon flow from phosphoenolpyruvate to oxaloacetate. We report the cloning and sequence analyses of a complete and novel malate dehydrogenase gene in soybean. The derived amino acid sequence was highly similar to the nodule-enhanced malate dehydrogenases from Medicago sativa and Pisum sativum in terms of the transit peptide and the mature subunit (i.e., the functional enzyme). Furthermore, the mature subunit exhibited a very high homology to the plastid-localized NAD-dependent malate dehydrogenase from Arabidopsis thaliana, which has a completely different transit peptide. In addition, the soybean nodule-enhanced malate dehydrogenase was abundant in both immature soybean seeds and pods. Only trace amounts of the enzyme were found in leaves and nonnodulated roots. In vitro synthesized labeled precursor protein was imported into the stroma of spinach chloroplasts and processed to the mature subunit, which has a molecular mass of ∼34 kDa. We propose that this new malate dehydrogenase facilitates rapid nitrogen assimilation both in soybean root nodules and in developing soybean seeds, which are rich in protein. In addition, the complete coding region of a geranylgeranyl hydrogenase gene, which is essential for chlorophyll synthesis, was found immediately upstream from the new malate dehydrogenase gene.